Dihydrofurans are important intermediates in organic synthesis, and are also important starting materials used in syntheses of a number of natural products. A facile synthesis of highly functionalized 5-cyclohexylimino-2,5-dihydrofuran derivatives by the multi-component reaction of cyclohexyl isocyanide, dialkyl acetylenedicarboxylates and 1-aryl-2-ene-3-acetyl-1,4-diketones is described.
Introduction
The Michael addition of isocyanides to activated carbon-carbon multiple bonds produces reactive zwitterionic intermediates which may be trapped by carbon or hydrogen proton electrophiles to afford a wide range of carbocyclic or heterocyclic organic compounds. It has been reported that isocyanides attack dialkyl acetylenedicarboxylates (DAADs), yielding zwitterionic species which could be trapped by the carbonyl group of aldehydes, 1 ketones, 2 esters, 3 isocyanates, 4 acyl chlorides 5 , and even carbon dioxide 6 , to afford five-to seven-membered oxygen and nitrogen heterocyclic compounds. Multi-component reactions of arylglyoxals have recently attracted much attention for the synthesis of a wide range of important heterocyclic compounds. The application of arylglyoxals for the preparation of threeto six-membered heterocyclic compounds has been recently reviewed. 7 Dihydrofurans are important intermediates in organic synthesis and have been attracting much attention in synthetic studies 8, 9 . Several methods have been developed for their preparation. 10-17 2,5-Disubstituted dihydrofuran-3,4-dicarboxylates are important starting materials which have been used for the synthesis of some natural products. 18 Thus, developing new, simple and efficient syntheses of dihydrofuran derivatives have been an area of interest.
In recent years, we have been focusing our attention on the applicability of multi-component reactions of isocyanides 19, 20 and arylglyoxals 21, 22 for the synthesis of heterocyclic compounds. In continuation of our studies in this area, we wish to report, herein, the reaction of 1-aryl-2-ene-3-acetyl-1,4-diketone derivatives, prepared by Knoevenagel condensation of arylglyoxals with acetylacetone, 22 with isocyanides and DAADs to produce 5-imino-2,5-dihydrofuran derivatives in good yields.
Results and Discussion
To investigate the reactions of cyclohexyl isocyanide, DAADs and 1-aryl-2-ene-3-acetyl-1,4-diketone derivatives, dimethyl acetylenedicarboxylate (DMAD) was added to a mixture of cyclohexyl isocyanide and 3-acetyl-1-p-tolyl-2-ene-1,4-dione (1, Ar = p-tolyl) in CH 2 Cl 2 as solvent at room temperature. Progress of the reaction was monitored by TLC . After 10 h, TLC analysis of the reaction mixture showed the presence of only dimethyl
To investigate the scope of the reaction, different DAADs were treated with cyclohexyl isocyanide and different 1-aryl-2-ene-3-acetyl-1,4-diketones. The corresponding 5-cyclohexylimino-2,5-dihydrofuran derivatives 4a-i were obtained in good yields (Scheme 1). 
Conclusions
In conclusion, we have developed a simple and efficient method for preparation of functionalized 5-cyclohexylimino-2,5-dihydrofuran derivatives by a three-component reaction of cyclohexyl isocyanide, dialkyl acetylenedicarboxylates and 1-aryl-2-ene-3-acetyl-1,4-diketone derivatives. This method has the advantages that the reactions can be performed under neutral conditions with readily available starting materials which require no modification or preparation.
Experimental Section
General. All of the utilized arylglyoxals were prepared by the SeO 2 -oxidation of the related aryl methyl ketones on the basis of the reported procedure and used as their monohydrates. 24 Elemental analyses were performed The chemicals used in this work were purchased from Merck and used without further purification.
General procedure. To a magnetically-stirred solution of dialkyl acetylenedicarboxylate (2 mmol) and 1-aryl-2-ene-3-acetyl-1,4-diketone derivative (2 mmol) in CH 2 Cl 2 (10 mL) was added a solution of cyclohexyl isocyanide (2 mmol) in CH 2 Cl 2 (5 mL) dropwise at room temperature over 10 min. The mixture was then allowed to stir for 10 h. The solvent was removed under reduced pressure, and the residue was separated by column chromatography (silica gel, hexane-EtOAc, 5:1) to afford the pure title compounds. 
Dimethyl (E)-2-(2-acetyl-3-oxobut-1-en-1-yl)-5-(cyclohexylimino)-2-(4-methylphenyl)-2,5-dihydrofuran-3,4-dicarboxylate (4a). Yellow solid, (770 mg, 80%

Diethyl (E)-2-(2-acetyl-3-oxobut-1-en-1-yl)-5-(cyclohexylimino)-2-(4-methylphenyl)-2,5-dihydrofuran-3,4-dicarboxylate (4b). Yellow oil, (794 mg, 78%
